Introduction
Despite the increasing incidence rate, the chance of cure from breast cancer has improved due to advanced medical treatment options [1] . However, these improved treatment options cause considerable side effects on different levels. Physical symptoms include reduced muscle strength and bone mineral density, impaired range of motion in the arm and shoulder region, hot flushes, and lymphedemas [2] . Depression, anxiety, and reduced self-esteem and self-confidence are commonly experienced on the psychological level. Further, decreased physical activity levels and other social impairments, such as reduced participation in social and leisure activities, as well as relationship and employment problems may appear [3, 4] . All of these extensive adverse effects of treatment impact breast cancer patients' quality of life [5] . Therefore, it is important to counteract or reduce these side effects by offering specific supportive programs and lead the patient back to her familiar surroundings, daily routine, and family life as quickly as possible [6] . Physical activity can be such a supportive measure. 
Rationale and Aim of the Review
The basic objective of exercise therapy in breast cancer patients is to reduce treatment-related side effects and positively influence the patients' quality of life. Physical activities during medical breast cancer treatment as well as during aftercare have been proven to be feasible, safe, and effective [7, 8] . However, aside from the breast cancer itself and its consequences, 2 relevant aspects have to be considered when planning an exercise intervention: i) medical treatment and its side effects; and ii) the individual background of each patient. This holistic approach allows us to expect an effect on the patient's physical, psychological, social, and educative level [9] . This clinical review aims to summarize the current literature on physical activity in breast cancer patients during/after medical treatment. Next to well-known parameters such as physical performance, fatigue, and quality of life, this review focuses on outcomes that have recently been studied, such as lymphedema, metastases, and mortality risk. Based on the results, clinical guidelines will be defined.
Physical Activity during Medical Treatment
To our knowledge, the first study examining the influence of physical activity during chemotherapy was conducted in 1988 with 42 breast cancer patients. Endurance training on a bicycle ergometer positively influenced nausea in the patients [10] . Winningham et al. continued the research and detected further significant positive effects regarding physical performance, body composition, and body weight in 2 randomized controlled trials (RCTs) with patients undergoing chemotherapy [11] . More than 10 years later, first studies also showed positive effects in breast cancer patients receiving radiation. Mock et al., for example, observed that women who exercised less than 90 min per week within a moderate walking program experienced clearly higher levels of fatigue during radiation [12] . In the meantime, numerous other RCTs confirmed the positive effect of physical exercise on the fatigue syndrome occurring during medical treatment [13, 14] . What remains uncertain is evidence concerning specific modes and dosages of exercise; however, in principle, strength and endurance training seem to have a similar effect on fatigue [8] .
The effect of therapeutic exercise on patients' physical performance has also been proven in many studies. Both resistance and endurance training during medical treatment can improve or at least stabilize physical performance [13, 15, 16] . Furthermore, endurance training can reduce the resting heart rate and blood pressure in breast cancer patients [17] . Regarding body composition, it remains uncertain whether endurance training or resistance training has a greater impact; however, a positive effect can be observed [11] . Resistance training may be more effective when aiming to prevent weight loss in patients undergoing treatment [15] . Further studies show that a combined training program composed of endurance, resistance, coordinative, and stretching components can positively influence flexibility, pain, and energy consumption in breast cancer patients [14, 16, 18] .
Current studies suggest that moderate endurance training during medical treatment can also improve psychological symptoms, such as depression and low self-esteem, in breast cancer patients [12, 13, 15, 19] . In addition, Payne et al. were able to show that sleep disturbance and serotonin levels can be influenced by a walking exercise intervention in patients receiving hormonal treatment [21] . The holistic effects of physical exercise positively influence quality of life [13, 15, 16] .
Physical Activity during Aftercare
Therapeutic exercise interventions during survivorship have proven to increase physical activity levels in breast cancer patients [22, 23] . Both aerobic endurance training over 12 weeks and combined resistance and endurance training over 6 months can positively influence the cardiovascular fitness of breast cancer patients during aftercare [22, 24] . Improvements in muscle strength have been observed primarily in studies conducting either resistance training alone or a combination of resistance and endurance training [24, 25] . In addition, first studies show that combined programs, such as controlled impact and resistance training, may counteract osteoporosis [26] . Regarding shoulder flexibility, breast cancer patients may benefit more from Nordic walking than from a normal walking program [27] . Both endurance and resistance training programs during aftercare of breast cancer treatment have shown positive effects on fatigue and quality of life [22] . Aside from endurance and resistance interventions, an increasing number of studies are also investigating the effects of dancing, yoga, and Tai Chi in breast cancer patients, and have observed physical and psychological improvements [28] .
Physical Activity and Mortality Risk
Aside from the positive influence on adverse effects, preliminary evidence suggests that physical activity can influence the overall and breast cancer-specific mortality risk as well as the risk of recurrence in breast cancer patients. A meta-analysis by Ibrahim et al. showed that regular physical activity prior to diagnosis does not affect breast cancer-specific mortality [29] . However, physical activity after diagnosis reduces breast cancer-specific mortality by 34% and overall mortality by 41%. These findings are supported by further studies by Beasley et al., Cadmus et 
Physical Activity and Lymphedema
Physical activity seems to have a positive influence on the symptoms of lymphedema [36] [37] [38] . Studies have shown that upper body exercises do not lead to significant changes in arm volume, not even in patients that have already developed a lymphedema [36] [37] . Moreover, physical inactivity or resting can clearly contribute to a worsening of lymphedema among patients at risk [37] . Water therapy seems to have the best effects on the symptoms of lymphedema [38] . In primary prevention, physical exercise is probably not a risk factor for developing lymphedema either [39] (table 1) .
Physical Activity and Metastases
The current evidence regarding physical activity in patients with advanced breast cancer is weak. Only few studies with different cancer types, breast cancer among others, have investigated the effect of exercise on fatigue, psychological stress, somatic complaints, and anxiety. However, a positive influence on these outcomes could be detected [40, 41] . A reduction in fatigue was observed in an RCT with 38 metastatic breast cancer patients receiving chemotherapy. Patients took part in a home-based resistance training program where resistance exercises were conducted in a sitting position [40] . A number of case reports examined the effects of exercising in women with bone metastases and found that physical training can be feasible, safe, and performance-enhancing [42] . Current exercise recommendations are based on expert opinion (table 1) .
Discussion
Physical activity in breast cancer patients during medical treatment and aftercare is feasible, safe, and effective [8] . Numerous studies have investigated the impact of therapeutic exercise on the adverse effects of adjuvant treatment. Findings are extensive and positive [43] . Current research focuses on aerobic fitness, muscle strength, quality of life, fatigue, and body composition. Evidence regarding the influence of physical activity on these outcomes is consistent and good. Exercise studies showing positive effects on immune function, flexibil- ity, and bone mineral density also exist; however, the evidence is comparatively weak and needs to be supported by further investigations. This also applies to studies regarding the effect of therapeutic exercise interventions on psychological outcomes. Current studies in this field of research show wide variations in quality, assessment methods, and exercise intensity and volume; for example, on average, patients exercise approximately 3 times per week for 20-50 min with moderate intensity and varying modes of exercise. Most of the interventions last for 12-24 weeks [7, 8, 44] . This clinical review specifically focused on current research outcomes such as lymphedema, mortality, and metastasis. Another question that will need clarification is whether physical activity can reduce the risk of recurrence in breast cancer patients. A number of observational studies have suggested a positive effect of physical activity with a reduced risk of recurrence of 30% [29] . However, randomized and controlled intervention studies are still missing. Therefore, the evidence is weak in this field of research, in contrast to research results in primary prevention.
Various potential mechanistic aspects that may reduce the risk of recurrence in breast cancer patients are being discussed. On an immunological level, different cytokines as well as a change in natural killer cell activation are taken into consideration [45, 46] . Also, hormonal changes such as a reduction in estrogen and progesterone levels may have a specific influence [47] . Additionally, an improved balance between oxidative stress and anti-oxidative capacity must be considered [48] . Future studies must therefore focus on these potential underlying mechanisms. What seems to have proven true is that physical exercise does not contribute to the exacerbation or onset of lymphedema [39] . On the contrary, an increasing number of findings show that physical inactivity or rest can worsen the symptoms of lymphedema [36, 37] . A positive effect on the lymphatic backflow may be achieved specifically through dynamic intermittent activities such as moderate strength training and Nordic walking and water therapy [38] . Lack of studies and therefore an urgent need of research exist in the field of physical activity and advanced breast cancer, as medical treatment options have improved not only in curative care but also in palliative care. Therefore, patients suffering from advanced breast cancer tend to live for longer with their disease. The quality of life during this extended period of survival may be improved through physical activity. According to current research, regular physical activity should not only be recommended but seems necessary with this patient group. The primary aim is to maintain functional mobility as long as possible. However, only few studies can be found, and therefore the evidence is weak. Current exercise recommendations are based on expert opinion. Due to the high number of patients with advanced breast cancer, there is a strong need to conduct future studies in this field of research in order to develop evidence-based guidelines.
Future research needs to examine specific and optimal exercise modes in terms of intensity and volume in order to achieve the best possible effect. Despite the above-mentioned positive effects of regular physical activity, most cancer patients during aftercare are not sufficiently active. Observations show that many survivors fail to reach the level of activity they had prior to their cancer diagnosis. Physical activity levels decrease significantly during the course of disease. Generally, they then increase again but often do not reach the original level [49, 50] .
Despite the numerous studies on the positive effects of physical activity, findings regarding specific designs and modes of exercise programs are not yet sufficient. In the future, intervention studies need to focus on exercise modes and dosage-response effects in order to figure out the optimal effect of physical activity on individual goals [9] . Which exercise mode and dosage is most effective during the different therapy phases remains uncertain. Within this context, future studies may specifically focus on variables such as mortality risk, lymphedema, and advanced breast cancer. Further research is necessary in order to support breast cancer patients immediately after diagnosis by offering specific therapeutic exercise programs. This would counteract physical inactivity, which in turn could prevent negative effects such as decreased cardiovascular performance and improve quality of life. Physical activity can therefore help reintegrate patients into daily routine, and work and family life.
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